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Genetic diversity is considered to be one of 
the critical factors determining population/spe-
cies preservation（Frankham et al. 2002）. En-
zyme electrophoresis is a conventional method 
for screening genetic diversity. This technology 
is straightforward compared to other techniques 
for identifying molecular markers, and has re-
sulted in the accumulation of a vast amount of 
information facilitating comparisons among the 
data.
In general, allozyme diversity is lower in rare 
and/or geographically limited species than in 
common and widespread ones（Karron 1987; 
Hamrick and Godt 1995; Cole 2003）, but this 
is not always the case（Gitzendanner and Sol-
tis 2000; Maki 2003）. Some studies revealed no 
allozyme diversity in rare and endemic species
（Waller et al. 1987; McLeod and Reilly 2004; 
Chung 2009）.
Senecio scandens Buch.-Ham. ex D. Don is a pe-
rennial herb that is widely distributed from Nepal to 
Japan, via south China and Taiwan（Kitamura 1991; 
Koyama 1995）. In Japan, this species is limited to 
the southern parts of the Kii Peninsula and Shikoku; 
however it occasionally builds up large populations in 
these areas. The plants mainly occur near the seashore, 
but are sometimes seen in woodland margins. The Red 
Data Book of Japanese plants（Environment Agency 
of Japan 2007） listed S. scandens as VU（vulnerable 
to extinction）, following the International Union for 
Conservation of Nature（IUCN） criteria（1994）. The 
somatic chromosome number is 2n =20, suggesting 
that the species is diploid. The existence of the species 
is threatened by road construction and land reclamation
（Environment Agency of Japan 2007）.
In this study, we examined the allozyme diversity 
in a total of 16 populations of S. scandens in Japan, 
and in a population in Taiwan for comparison.
Materials and Methods
Sampling
A mature leaf was sampled from 25 random-
ly selected individuals from the populations in 
Japan（J1–J16 in Fig. 1）. Because S. scandens 
propagates by rhizomes, leaves were collected 
at meter intervals to minimize the chance of’ 
collecting multiple samples from the same 
genet. Nineteen individuals were sampled in a 
similar manner from the population in Taiwan
（T1 in Fig. 1）.
Allozyme electrophoresis and data analyses
Enzyme extraction and polyacrylamide gel 
electrophoresis were carried out following the 
method of Maki and Murata（2001）. Eleven 
enzyme systems were examined: alcohol de-
hydrogenase（ADH; EC 1.1.1.1）, aspartate 
amino transferase（AAT; EC 2.6.1.1）, formate 
dehydrogenase（FDH; EC 1.2.1.2）, fructose-
bisphosphate aldolase（ALD; EC 4.1.2.13）, 
glutamate dehydrogenase（GDH; EC 2.7.1.1）, 
glucose-6-phosphate isomerase（GPI; EC 5.3.1.9）, 
leucine aminopeptidase（LAP; EC 3.4.11.1）, 
menazion reductase（MNR; EC 1.6.99）, phos-
phoglucomutase（PGM; EC 5.4.2.2）, superox-
ide dismutase（SOD; EC 1.15.1.1）, and triose-
phosphate isomerase（TPI; EC 5.3.1.1）. The 
staining protocols are described in Tsumura et 
al.（1990）, except for that of FDH, which fol-
lowed Wendel and Weeden（1989）.
All individuals were genotyped at the al-
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lozyme loci ,  and allele frequencies were 
calculated based on the genotypes for the 
populations. The standard genetic identity（I） 
between the populations in Japan and Taiwan
（Nei 1972）was calculated.
Results and Discussion
A total of 18 putative loci were detected in 
the 11 enzyme systems examined in this study: 
Adh, Aat-1, Aat-2, Aat-3, Ald, Fdh-1, Fdh-2, 
Gdh, Gpi, Lap, Mnr-1, Mnr-2, Mnr-3, Pgm-1, 
Pgm-2, Sod-1, Sod-2, and Tpi. The number of 
the loci detected in each enzyme did not in-
dicate any evidence of duplications in the loci 
and suggested that the species is diploid（Gottlieb 
1982; Weeden and Wendel 1989）.
All the enzyme loci were monomorphic in the 
populations examined in Japan（Table 1）. In 
contrast, the population in Taiwan（T1）was 
considerably polymorphic for eight loci. The 
percentage of polymorphic loci（P）, the num-
ber of alleles per locus（A）, and the expected 
heterozygosity（h）were 61.1, 1.56, and 0.146, 
respectively.
Nei’s genetic identity（Nei 1972）between the 
populations in Japan and Taiwan was sub-
stantially low（I=0.699）, suggesting that these 
populations are genetically differentiated at the 
species level rather than at the population level
（Gottlieb 1981）. Kitamura（1991）observed 
many individuals of S. scandens in Taiwan 
with lobed leaves and regarded such types as 
the forma, S. scandens f. incisus（Franchet）Ki-
tamura. Kitamura（1991）noted that there are 
some specimens with lobed leaves from regions 
other than Japan although those in the Hi-
malayas of the type locality do not have lobed 
leaves. There were no other morphological dif-
Fig. 1. Populations of Senecio scandens examined in this study.
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ferences between S. scandens from Japan and 
Taiwan. In our study, most of the Japanese 
populations were located near the seashore, 
while those from Taiwan were in an understory 
along a valley in a mountain area, indicating 
that the plants in the two areas have different 
ecological preferences.
There are two possible explanations for the 
genetic paucity of S. scandens in Japan. In the 
first scenario we propose that S. scandens had 
a wider and more continuous distribution in the 
past, but a range contraction and subsequent 
expansion occurred due to climate change. In 
the glacial era, plant species preferring mild 
climates may have sought refuge in warmer ar-
eas, i.e., refugia, where they maintained narrow 
distributions; also, some refugia were located 
in the Japanese Archipelago（Tsukada 1983）. 
A bottleneck effect occurring in the refugia 
could have resulted in the loss of most genetic 
diversities which have not been recovered in S. 
scandens in Japan due to a relatively low mu-
tation rate in the allozyme loci.
In the second scenario we propose that the popula-
tions in Japan may have been established as a result 
of long-distance seed dispersal from adjacent areas. In 
this case, the founder effect is considered to be a ma-
jor cause of the lack of allozyme diversity in the Japa-
nese populations. The pappus of the mature fruit of S. 
scandens may enable the seed to be carried some dis-
tance. However, because of the large distance between 
the present distribution of S. scandens in Japan and 
the nearest other populations, this scenario appears to 
be the less plausible of the two. In either case, the 
timing of the vicariance event was far enough in the 
past to cause large genetic differentiation between the 
populations in Japan and Taiwan and adaptation to dif-
ferent habitats.
Phylogeographical studies on S. scandens us-
ing other molecular markers and more popula-
tions from a wider geographical range may be 
useful to elucidate the causes of the genetic 
depauperation of S. scandens in Japan.
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